Numerical models are used to estimate the meridional overturning and transports along the paths of two hydrographic cruises, carried out in 1997 and 2002 from Greenland to Portugal. We have examined the influence of the different paths of the two cruises and found that it could explain 0.4 to 2 Sv of difference in overturning (the precise value is model-dependent). Models show a decrease in the overturning circulation between 1997 and 2002, with different amplitudes. The CLIPPER ATL6 model reproduces well the observed weakening of the overturning in density coordinates between the cruises; in the model, the change is due to the combination of interannual and high-frequency forcing and internal variability associated with eddies and meanders. Examination of the -coordinate overturning reveals model-data discrepancies: the vertical structure in the models does not change as much as the observed one. The East Greenland current variability is mainly wind-forced in the ATL6 model, while fluctuations due to eddies and instabilities explain a large part of the North Atlantic Current variability. The time-residual transport of dense water and heat due to eddy correlations between currents and properties is small across this section, which is normal to the direction of the main current.
Internal and forced variability along a section between Greenland and
Portugal in the CLIPPER Atlantic model IFM-GEOMAR, Kiel, Germany
Introduction
The thermohaline circulation of the North Atlantic ocean brings warm water to the Nordic Seas and exports cold North Atlantic deep water to the world ocean.
Considering its importance for the regional climate, great efforts are put into observing and monitoring this circulation. It is a difficult task because it requires observations over the whole water column on a transatlantic section, which only to distinguish between internal and forced variability across the OVIDE section.
We also consider results of a recent experiment carried out with the FLAME model ( Our study concentrates on two aspects of the variability. After a presentation of the model, we discuss zonally integrated quantities: the z-coordinate meridional overturning streamfunction in section 3, and the density coordinates circulation in section 4. We then proceed to examine the variability of current systems, first the poorly sampled East Greenland current and then the North Atlantic current as well as its recirculations.
The numerical experiments
The CLIPPER project was initiated in 1995 by Christian Le Provost, bringing together for the first time modelling teams in laboratories in Grenoble, Brest, Paris Three ATL6 experiments with different forcing fields and duration are considered in this paper ( and OVIDE cruises.
Variability of the z-coordinates overturning between 1997 and 2002
To characterize the thermohaline circulation, observational and modelling studies consider either the z coordinates overturning, or the overturning in density or neutral coordinates. In the North Atlantic the overturnings in z coordinates and isopycnal coordinates usually vary in the same fashion: the decrease found between sections 4X and OVIDE applies to both (Lherminier et al. (2006, hereafter LH06 ). We will start here by considering the meridional overturning streamfunction calculated in z coordinates (MOC hereafter). Note that the MOC is a linear function; it can be calculated directly from model time-mean fields and has no eddy contribution.
We define the MOC intensity as the maximum of the southward transport integrated from the bottom (the maximum is reached typically near 1000 m depth in the model). A detailed model-data comparison must take into account both the different time period of the two cruises and the different cruise path: such estimates are given in Table 1 for ATL6 and in Table 2 for FLAME. In ATL6, the MOC averaged over years 1995 to 2002 is 12.1 Sv along the OVIDE path and 13.6 Sv along the 4X path, a difference of 1.5 Sv in the mean (Table 1) . In the FLAME model, the difference between the two paths is smaller (0.6 Sv, Table 2 The monthly mean MOC in FLAME is 8.9 Sv for the time and path of the 4X cruise and 7.9 Sv for OVIDE. Values along the two paths are always closer in FLAME as discussed previously. The different behavior of FLAME may be due to the different forcing (the ATL6 forcing is very close to the ERA40 wind data that have been used in the inversion of LH06, while the FLAME forcing is 
Thermohaline circulation in density coordinates
Another view of the thermohaline circulation is provided by the meridional transport integrated in density classes. Following Marsh et al. (2005) , we label it here "THC". We define the upper limit of the cold water by the isopycnal σ 1 = 32.1, which is representative of the maximum overturning in σ 1 coordinates in the observations (this limit is also suitable for the models). In ATL6, the depth of the σ 1 = 32.1 isopycnal is realistic in the eastern basin (although not in the Irminger basin). Fig. 6 shows a time-series of the THC strength (southward cold water transport) in the model, along the OVIDE and 4X sections. Values of the transport are also indicated in Tables 1 and 2 . The MOC is smaller than the THC because it includes waters circulating at the same depth but with different densities. This is the reason why a seasonal cycle is present in the THC (Fig. 6 ) but not the MOC (Fig. 3) where it is cancelled by the seasonal cycle of the East Greenland Current (see next section). Contrary to the MOC, which is consistently larger along the 4X path (Table 1) sonal cycle has a peak-to-peak amplitude of 4 Sv and the standard deviation of the remaining signal (due to internal eddy variability alone) is 1.2 Sv. As was the case for the MOC (Fig. 3) , the variability of the THC is enhanced in ATL6-02 relative to ATL6-clim, due to high frequency and interannual atmospheric forcing: the standard deviation of the THC for ATL6-02 (Fig. 6 ) is 4 Sv.
The full time series is not available for the FLAME model, and the estimate of the THC is calculated with less precision than in ATL6. Table 2 shows a difference of 2.8 Sv, which is partly due to the difference in section paths (which is 1. the heat transport is also negligible in our case. This is due to the fact that eddies tend to carry heat and properties away from the mean current axis; thus the eddy transport tends to be parallel to the OVIDE section rather than across it.
Despite their small value compared with the total transport, the influence of velocity-thickness correlations in the evaluation of interannual variability is not negligible. Ignoring them (the dashed line in Fig. 7 ) one finds a decrease of 3.7 Sv in the transport of warm water between 1995 and 2002, while it is only 2.5 Sv when eddies are fully taken into account (thick line in Fig. 7 ).
Variability of the current systems
In this section we use the ATL6 model to examine the variability of the different Both models show a decrease in the z-coordinate meridional overturning between the two cruises, smaller in FLAME than in ATL6, and weaker than observed. The models suggest that the different paths of the two cruises could lead to a significant difference in z coordinate overturning (up to 2 Sv) but this value is model-dependent (although models consistently show a larger value for 4X).
The path of the cruise may affect less the thermohaline circulation in density coordinates (THC). Between the two cruises the observed THC decrease is 2.5 Sv;
it is 2.8 Sv in FLAME and 4 Sv in ATL6. The full time series of the THC for ATL6 show a large variability on monthly time scales and a weak long-term trend.
The model variability is a combination of interannual and high frequency atmo- One important result of this paper is the weakness of eddy correlations for the transport across the OVIDE section. Velocity-thickness correlations are negligible compared with the mean for the THC, and so are the velocity-temperature correlations for the heat transport. We cannot discard the possibility that these eddy fluxes are underestimated in the ATL6 model due to insufficient grid resolution.
Indeed, Penduff et al. (2005) find that there is a deficit of eddy kinetic energy at depth. However, the eddy kinetic energy in the surface layers is quite realistic in the North Atlantic current region in ATL6, and its interanual variability is well reproduced . We thus hope that our conclusion may apply also to the real ocean, and that eddy correlations may be safely ignored when analysing the heat transport or THC across the OVIDE line. 
